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SECTION 1

INTRODUCTION

Since 1970, the USAF has applied a damage tolerance design

philosophy in the design of aircraft structures; however, the

application of such fracture mechanics methodology to aircraft

engine components, specifically for life prediction of engine

disks, is a recent development. Although MIL-STD-1783, which

deals with damage tolerance requirements for aircraft engines has

been established, engine disk design is currently based on the

safe-life design philosophy.

Interest by the North Atlantic Treaty Organization's

Advisory Group for Aerospace Research and Development, NATO/AGARD,

in applying damage tolerant concepts to engine disk design and

life prediction resulted in an international test program to

determine the fatigue crack growth and fracture behavior of engine

disk materials under operational loading conditions. Twelve

laboratories located throughout Europe and North America are

actively involved in this effort, with Wright Research and

Development Center's Materials Laboratory (WRDC/MLSE) being one of

three USA participants.

This effort was divided into a CORE program and a

SUPPLEMENTAL program. The CORE program, completed in 1987, ac-

complished three things: it familiarized the participating

laboratories with automated data acquisition techniques, specifi-

cally the electric potential difference (EPD) technique for crack

length measurement; it standardized test specimens and test

techniques; and it generated fatigue crack growth rate data on Ti-

6-4 to verify current life prediction models.[l-3] The purpose of

the SUPPLEMENTAL program, described herein, was to generate low

cycle fatigue and fatigue crack growth rate data on three engine

disk alloys, Ti-6-4, IMI 685, and Ti-17, under variable loading

conditions. Data generated in this program will then be used to

assist in life prediction models. The role of this laboratory in

this SUPPLEMENTAL effort was to generate fatigue crack growth rate

data on the Ti-6-4 material under both simple and complex loading

histories.
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SECTION 2

MATERIALS AND SPECIMENS

2.1 MATERIALS

The material examined in this program was a Ti-6A1-4V disk

forging which was furnished by the test organizers in the

solution-heat-treated and aged (STA) condition. The microstruc-

ture of this material, shown in Figure 1, consists of equiaxed

alpha grains in a transformed beta matrix containing coarse,

acicular alpha. The microstructure is almost identical to that

reported in the CORE program results (1] except that occasional

alignment of the alpha grains is not observed. Metallographic

examinations for the radial, tangential, and thickness directions

showed no significant microstructural differences, indicating a

fairly homogeneous structure. A chemical analysis was performed

on one failed specimen (CP26) to determine chemical composition.

Results of this analysis are shown in Table 1. The amounts indi-

cated in the table are all within the limits as specified in MIL-

T-9047, "Aircraft Quality Titanium and Titanium Alloy Bars and

Reforging Stock".

9.2 SPErTMEN nPSIGN

Sixteen standard C(T) specimens were machined from this

material and supplied by Rolls Royce LTD, designated CP21 through

CP30 and CP37 through CP42. Threaded holes for attaching the

electric potential current wires were machined in the supplied

samples, located along the load-line of each sample. Nominal

specimen dimensions are shown in Figure 2.

2
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qu rc 1, Microstructure of Ti-6A1 4V disk forgincT
at (a) 10OX and (b) 500X.

TABLE 1

CHEMIICAL COMPOSITION OF TiJ-6A1-4V DISK FORGING

Ti-6-4 Element Al v Fe Ti

CP26 W/o 6.11 4.08 0.23 Remn

MILr-T-904M( W/o 5.50 - 6.75 3.5 - 4.5 u 3 m ,x --
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Figure 2 C(T) specimen for Ti-6AI-4V disk forging.
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SECTION 3

TEST PROCEDURES

All testing was performed in an MTS servo-hydraulic test

machine under lab air conditions. An HP Model 216 computer sys-

tem, equipped with an HP 6942 Multiprogrammer, was used to apply

the various load histories and check feedback to insure proper

loading conditions. General procedures describing the required

loading waveforms and methods for crack length determination were

furnished by the test coordinators [4] and described briefly in

the following paragraphs.

Two categories of load sequences were investigated:

simplified and complex. The four simplified sequences, identified

as Types 1 through 4, are illustrated in Figure 3. Types 1, 2,

and 3 are similar with respect to waveshape, with differences only

in the magnitude of the ten, low amplitude "subcycles" which occur

at the peak of the major load cycle. The amplitude of the sub-

cycles was 10 percent of the maximum load for the Type 1 sequence,

30 percent for Type 2, and 50 percent for Type 3. Loading rate

for all three of these sequences was identical at zero-maximum in

1 second, with minimum load at slightly above zero to avoid any

backlash in the gripping assembly.

The Type 4 sequence is unique to Types 1 through 3 and

represents 1000 constant amplitude (CA) load cycles at an R-ratio

of 0.1, followed by a single overload cycle at 1.7 of the CA

maximum load. Loading rates were faster than those for Types 1

through 3, with loading frequency at approximately 5 Hz.

The four complex load histories examined were the basic Cold

TURBISTAN [5] load history, along with three variations of

TURBISTAN in which several low amplitude loads were omitted, i.e.,

10, 30, and 50 percent omission levels. A portion of each complex

load history is furnished in Figure 4.

For all tests, crack length measurements were obtained using

electric potential difference (EPD) technique developed during the

CORE program, and verified with periodic visual surface measure-

ments throughout each test. Electric potential measurements were

5
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obtained automatically during peak load excursions using an HP

3456 Digital Voltmeter with 100 nV resolution, while a 10A current

was applied through the sample using an HP Programmable Power

Supply. The HP 216 computer was used to control all instruments,

record EPD measurements, and analyze the final test record.

Tests were generally terminated before complete fracture and

the specimens heat-tinted in order to obtain an accurate measure

of through-thickness crack length. This value of crack length and

corresponding EPD voltage were then used as a single reference

point for the calibration expression relating the record of EPD

measurements to crack length. The calibration expression used was

the same as that used in the original CORE program, developed by

Hicks and Pickard [6], and furnished in the following:

a/W = B0 + B(V/Vo) + B2 (V/Vo)
2 + B3 (V/Vo)3

where:

a is the crack length (as defined in E647),

W is the specimen width,

V is the measured EPD voltage,

V0 is the reference voltage for a/w = 0.241,

B0 = -0.5051

B1 = 0.8857

B2 = -0.1398

B3 = 0.0002398

The test record of crack length versus cycles was converted

to the final form of crack growth rate versus stress intensity

range using a seven-point incremental polynominal method, as

described in the ASTM Standard E647, "Measurement of Fatigue Crack

Growth Rates".[7] For the simplified spectra (Types 1 through 4),

crack growth rates were plotted as a function of alternating

stress intensity, AK. Since in Types 1 through 3 the minimum load

is essentially zero, AK equals Kmax . For the Type 4 load spectrum

AK was based on the minimum and maximum CA loads, not the periodic

overload value. For all the TURBISTAN data, growth rates

8



(m/flight) were plotted against the maximum value of stress

intensity which occurs at least once per flight.

Fracture surfaces of failed samples were observed optically

and by scanning electron microscopy. Failed samples were examined

at a magnification of 3.5X to determine if any plane stress ef-

fects were present, as witnessed by the presence of shear lips on

the sides of the crack surfaces. Photomicrographs were taken at

500X using an SEM to characterize the fracture surface morphology

at various locations along the fracture surface, while fatigue

striation spacing was measured at known levels of applied stress

intensity to correlate fracture surface data with EPD-determined

crack growth data. Striation spacing was measured on samples

tested under the simplified load sequences only. Measurements

were taken at a minimum of three levels of stress intensity range,

based on the average of measurements taken at three positions the

width (B) of the fracture surface: approximately 1/4B, 1/2B, and

3/4B. Results of striation spacing measurements were plotted

against stress intensity range to show striation-EPD correlation.

SEM examination of fracture surface morphology to charac-

terize crack growth mechanisms was performed on a total of six

specimens: four samples representing Types 1 through 4 simplified

sequences, and two samples representing TURBISTAN and TURB50.

9



SECTION 4

RESULTS AND DISCUSSION

4.1 SIMPLIFIED SPECTRUM CRACK GROWTH RESULTS

The results for C(T) specimens tested under the Types 1, 2,

and 3 simplified load spectra are furnished in Figures 5, 6, and

7, respectively. Tabulated data is further listed in the

Appendix. For the growth rate determination, a cycle was defined

as one block of 10 low-amplitude subcycles followed by a ramp back

to zero load (i.e. 0-100-0 percent relative load), as illustrated

in each figure. Data for two specimens tested under the Type 1

spectrum are in agreement over the majority of the range examined,

with a slight divergence observed at stress intensity ranges

between 25-35 MPai. Fracture surface appearance for the two

samples were likewise similar. Results presented for the Type 2

loading are based on a single sample. A slight shift in data sets

is observed for two samples tested under the Type 3 spectrum.

Macroscopic fracture appearance for specimen CP25 was rougher than

for CP26, with slightly lower growth rates developed for CP25 than

for CP26. Such differences between the two data sets might be

attributed in part to roughness induced crack closure, whereby the

rougher crack surface (CP25) would provide a reduction in the

effective stress intensity range and hence crack growth rates.

Finally, correlation between visually measured crack lengths and

those determined via EPD techniques were generally less than

0.2 mm, with differences believed more a result of errors in the

visual surface crack length readings.

In addition to the data points shown in each figure, a best-

fit polynominal equation was fitted through the data for each

simplified spectrum of the following form:

log (da/dN) = C0 + C1 (log K) + C2 (log K) 2 +

These curves are also presented in the composite plot shown in

Figure 8, along with reference data for Ti-6-4 forging obtained in

the core program under CA, R=0.1 type loading. Results based on

the best-fit curves demonstrate the effect of the additional

subcycles on crack growth behavior. Fatigue crack growth rates

10
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increased nredictably with increasing spectrum severity, i.e.,
Type 3 loading which had the highest amplitude subcycles within a
major cycle resulted in the highest growth rates. Type 1 loading

had the lowest amplitude subcycles and thus produced the lowest
growth rates, while the Type 2 load spectrum fell in between the

two cases. A lesser difference is observed between the curves

representing the Types 1 and 2 load spectra, as compared to the

Type 3 results.

The effect of the lower amplitude subcycles becomes more
apparent when compared to the CA reference data. Crack growth

data for Types 1 and 2 loading are in agreement with the CA data

over the limited range available, indicating little effect of the
low amplitude subcycles relative to the 0-100-0 percent major load
cycle. For the Type 3 loading, an increase in growth rates over
the CA data is more evident, with the largest differences occur-
ring at the higher stress intensities. Crack growth rates under

Type 3 loading are approximately double that of the CA data for
stress intensities greater than 20 MPaI ; below that such dif-

ferences diminish.

The data developed for the Type 4 load spectrum is furnished

in Figure 9 in a similar format as the previous spectra.

Differences between the two samples tested under this type loading

are larger than those observed from the previously described

testing. Testing conditions for both samples were similar except
for the maximum cyclic load: for sample CP27 the maximum load was

2.5 kN, while for CP28 it was approximately 3.5 kN. Fracture

appearances of the two samples tested differ considerably with
respect to surface roughness, as shown in Figure 10. As expected,
the data for the sample with the greater surface roughness (CP27)
fell below the data for the sample with the smoother fracture

surface (CP28), again indicating the effect roughness induced
closure has on reducing the effective stress intensity range.

Additional studies to thoroughly characterize the mechanisms

responsible for crack closure as suggested herein are beyond the

scope of this investigation.

15
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Figure 10. Fracture surface appearance of specimen

CP27 and CP28 under Type 4 loading.
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For the Type 4 loading case the beneficial effect of the

70 percent overload is clearly evident when comparisons are made

with the CA data. A decrease in growth rates of over 10-fold is

observed as a result of the periodic overload, which appears

consistent over the range of stress intensities examined. Such

behavior is attributed to load interaction/retardation effects,

where a larger plastic zone is created by the overload cycle which

reduces the localized crack driving force and hence growth rates

due to an increase in the plasticity-induced crack closure loads.

4.2 SIMPLIFIED SPECTRUM FRACTOGRAPHY

Optical examination of the fracture surfaces showed no

evidence of any plane stress effects on the sides of the fatigue

crack surfaces for any of the specimens tested under Types 1

through 4 loading. This indicated that plane strain conditions

prevailed throughout all testing. In the overload region,

produced afer completion of the fatigue testing, shear lips repre-

senting less than 5 percent of the total specimen thickness, were

observed for all specimens.

Representative views of the fracture surfaces, based on SEM

examination, for Types 1 through 3 loading at three stress inten-

sity ranges are shown in Figures 11 through 13. The fracture

surfaces all exhibit similar features. At low stress intensity

ranges of approximately 18-20 MPaj , transgranular faceting is the

dominant mode of crack propagation. These transgranular facets

are much smoother for the Type 1 loading than for the Types 2 and

3 loading. Some cleavage facets are also observed on the Types 2

and 3 fracture surfaces. A representative view of these cleavage

facets is shown in Figure 14. At these low stress intensity

ranges, fatigue striations could not be resolved.

At the higher stress intensity ranges of approximately

30-36 MPa5, each fracture surface exhibits fatigue striations

indicating a transgranular mode of crack propagation. For the

Type 1 loading, these striations are observed on a small number of

flat appearing facets. For the Type 2 loading, they cover almost

all of the surface, whereas, for the Type 3 loading, they are

rougher and are interspersed with rough transgranular features.

18



AK = 19.8 MPam-

AK = 27.5 MPavm-

AK = 36.3 MPaVm-

Figure 11. Fracture Surface Morphology for Type 1 Loading (CP22)
at 50OX. Arrows indicate general direction of
crack propagation.
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AK = 17.6 MPa/'m

AK 25.3 MPavm--

AK 35.2 MPa m-

Figure 12. Fracture Surface Morphology for Type 2 Loading
(CP24) at 50OX. Arrows indicate general direction
of crack propagation.
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AK = 17.6 MPa/m

AK = 26.4 MPa/im

AK = 30.7 MPa/ri--

Figure 13. Fracture Surface Morphology for Type 3 Loading

(CP26) at 500X. Arrows indicate general direction
of crack propagation.
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Figure 14. Representative View of Cleavage Facets Found on

Types 2 and 3 Fracture Surfaces. Arrow indicates

general direction of crack propagation.
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Fatigue striation spacing at these high stress intensity ranges

supports the crack growth data obtained via the EPD methodology in

that the spacing of the Type 1 loading is much smaller than that

of the Type 3 loading. As expected, the striation spacing for the

Type 2 loading falls in between the two, but is more on the order

of the Type 1 loading.

For all stress intensity ranges examined for the Types 1

through 3 loading, secondary cracks were also observed on the

fracture surface for each specimen.

Representative views of the fracture surfaces at two levels

of stress intensity for the Type 4 loading are shown in Figure 15.

At a stress intensity range of 16.5 MPar5, large, blocky appearing

striations are the dominant feature on the fracture surface.

Smaller striations could not be resolved between these larger

striations.

At the higher stress intensity range of 24.2 MPa/m, very

fine fatigue striations are mixed with rough transgranular

features. These striations were barely resolvable at this level

of stress intensity. The results of striation spacing measure-

ments for Types 1 through 4 loading are shown in Figure 16.

Correlation between EPD determined crack growth data and striation

crack growth data is generally 1:1 for the stress intensity ranges

where striations were observed. This varies from the CORE program

results where differences of 1.7 were reported for the lowest and

highest stress intensity ranges.[l] For the Type 4 load sequence,

the crack growth rates determined from striation spacings varied

considerably from those rates determined from EPD measurements;

however, the crack growth rates differed by approximately a factor

of 1000. Since the periodic overload for this load sequence

occurred every 1000 cycles, the large striations found on the

fracture surface appear to be the result of this overload. This
factor of 1000 is taken into account for the EPD-striation cor-

relation plot for this load sequence found in Figure 16. At the

highest stress intensity range, a divergence is seen between the

EPD-striation data, suggesting that a single striation may no

longer represent 1000 cycles.
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AK 16.5 MPa/mi

AK 24.2 MPam

Figure 15. Fracture Surface Morphology for Type 4 Loading
(CP28) at 500X. Arrows indicate general direction
of crack propagation.
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4.3 COMPLEX (TURBISTAN) CRACK GROWTH RESULTS

The results of fatigue crack growth rate testing under the

full TURBISTAN spectrum and TURBISTAN with 10, 30, and 50 percent

omission levels are presented in Figures 17, 18, 19, and 20,

respectively. Crack growth rates per flight are plotted as a

function of maximum stress intensity for the interval of flights

over which growth rates were determined. Data shown for TURB10

and TURB30 reflect the results of two specimens per condition,

while results of a single specimen are furnished for TURB50 and

FULL TURB. Since each data set appeared linear (on log-log axes)

over the ranges examined, best-fit curves of the form: da/dF =

C*Kn were also fitted to each data set and likewise furnished in

the respective figures. The data for the two specimens under

TURB10 loading are in excellent agreement over the range examined,

while a definite shift is observed for the two specimens tested

under TURB30. As was in case of the previously described

simplified spectra, the fracture surfaces of the two samples

tested under TURB30 differed significantly with respect to frac-

ture surface roughness, with the sample with the rougher crack

surface (CP30) exhibiting lower crack growth rates than the sample

with the smooth fracture surface (CP40). A photo of each is

provided in Figure 21. Again, explanations for the differences

between growth rate data are based on differences between crack

opening loads and hence the effective stress intensity ranges.

The effects of spectrum type on crack growth rates becomes

apparent when the best-fit lines from each data set are plotted

together, as illustrated in Figure 22. Little or no effect is

observed on fatigue crack growth rates when those load excursions

30 percent and below are excluded from the full TURBISTAN

spectrum, as witnessed by the near coincident, best-fit lines

representing FULL TURB, TURB10, and TURB30. The elimination of

those loads excursions up to 50 percent, however, caused a notice-

able reduction in growth rates, approximately one-half of those

under the other three load spectra. This reduction is consistent

throughout the range of stress intensities examined. In light of

this, it is apparent that those load excursions in the TURBISTAN

load spectrum greater than 30 percent of the peak load contribute
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1-6-4
ENGINE DISC FORGING
TURBISTAN DATA
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23 4 5 6 78 9
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Figure 17. Fatigue crack growth rate data under
full TURBISTAN.
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Ti-6-4
ENGINE DISC FORGING
TURBISTAN DATA
TURB10 00
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0 " 00000 #CP41
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Kmax MPa-sqr(m)

Figure 18. Fatigue crack growth rate data under TURB10.
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Figure 19. Fatigue crack growth rate data under TURB30.
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Figure 20. Fatigue crack growth rate data under TURB50.
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I

CP-4 0 CP-3 0 i

Figure 21. Fracture surface appearance of specimens CP30
and CP40 under TURB30 loading.
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Figure 22. Summary of fatigue crack growth rate data
for the various TURBISTAN load sequences.
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to fatigue damage, while those excursions below 30% have little

influence on crack growth, for the range of stress intensities

examined.

4.4 COMPLEX SPECTRUM FRACTOGRAPHY

As with the simplified spectra, optical examination of the

fracture surfaces showed no evidence of any plane stress effects

on the sides of the crack surfaces for any of the specimens tested

under the various TURBISTAN load sequences.

Representative views of the fracture surfaces, based on SEM

examination, for TURBISTAN and TURB50 loading at three levels of

stress intensity are shown in Figures 23 and 24. At low stress

intensity ranges of approximately 18-20 MPa5, both fracture

surfaces exhibit transgranular features. The TURB50 surface has a

striated appearance and is smoother than the TURBISTAN surface

which displays transgranular facets mixed with some cleavage

facets.

At the highest stress intensity range of approximately

30-33 MPaJ , fatigue striations are observed on both fracture

surfaces. These striations, however, are more continuous and

cover more of the fracture surface for the TURB50 loading.

Secondary cracking was also observed on both surfaces. No stria-

tion spacing measurements were made for any of the complex load

sequences.
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K = 17.6 MPa vm-max

K = 23.5 MPam-
max

K = 32.8 MPaVm-
max

Figure 23. Fracture Surface Morphology for TURBISTAN Loadinq
at 500X. Arrows indicate general direction of
crack propagation.
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K = 19.8 MPa/m-

max

K = 28.6 MPa/m--
max

K = 29.7 MPa /-
max

Figure 24. Fracture Surface Morphology for TURB50 Loading

at 500X. Arrows indicate general direction of

crack propagation.
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SECTION 5

CONCLUSIONS

Based on limited testing of Ti-6-4 disk forging samples

under a variety of unique loading conditions, the following con-

clusions are reached:

1. During constant amplitude loading, the addition of a

number of low amplitude subcycles during a "major" load cycle of

0-100-0 percent relative load provided addition fatigue damage

only when the amplitude of such subcycles approached 50 percent of

the major load cycle. Little or no increase in crack growth rates

were observed when subcycles of 10 and 30 percent of the major

load cycle were applied.

2. The addition of a 70 percent overload cycle applied once
every 1000 constant amplitude cycles proved clearly benificial in

regards to fatigue crack growth rates. A 10-fold reduction in

crack growth rates was observed when compared to constant

amplitude data obtained in the core test program.

3. The exclusion of load cycles from the standard TURBISTAN

engine spectrum of 10 and 30 percent of the maximum load had

little effect on crack growth rates. Eliminating those load

excursions below 50 percent of the maximum spectrum load caused an

approximate 50 percent decrease in crack growth rates.

4. Fatigue crack growth rate data based or striation

measurements displayed a near 1:1 correlation with data determined

via EPD methods over those ranges where fatigue striations were

observed.

5. Fracture modes were transgranular with a variety of

features observed on the fracture surfaces. In general, at lower

stress intensity ranges, transgranular facets including cleavage

facets were the dominant fracture surface features, while, at

higher stress intensity ranges, fatigue striations were the

dominant features.
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SPEC 1.D.: CP21
DATE: 5/31/88
SPECTRLM, 1TPE 1

B ombi - 13.00 P max (kN) - 5.34
Wh(nvih), 25.96 P rnin (kN)" 0

a N Del K da/dN
(Mr) (Ma-qrem)) (m/CYC)

7.72 0
7.72 1010
7.75 1400
7.75 1550 14.26 2.30E-08
7.77 2410 14.30 3.08E-08

7.80 3380 14.34 2.85E-08
7.82 4120 14.37 2.90E-08
7.85 5130 14.41 3.15E-08
7.87 5840 14.44 3.22E-08
7.90 6850 14.49 3.22E-08
7.95 7860 14.54 3A2E-08
7.98 8870 14.59 3.41E-08
8.00 9880 14.64 3.59E-08
8.05 10890 14.69 3.50E-08
8.08 11900 14.75 3.77E-08
8.13 12910 14.80 4.04E-08
8.15 13920 14.86 4.22E-08
8.20 14930 14.92 4.58E-08
8.25 15940 15.00 4.76E-08
8.31 16950 15.08 5.03E-08
8.36 17960 15.15 5.31E-08
8.41 18970 15.23 5.52E-08
8.46 19980 15.32 5.96E-08
8.51 20540 15.37 6.OOE-08
8.56 21550 15.46 6.34E-08
8.64 22560 15.57 6.33E-08
8.69 23570 15.66 6.35E-08
8.74 24140 15.72 6.44E-08
8.79 25150 15.82 6.53E-08
8.86 26160 15.92 6.91E-08
8.89 26630 15.98 7.06E-08
8.97 27640 16.10 7.37E-08
9.04 28640 16.22 7.32E-08
9.12 29450 16.31 7.59E-08
9.17 30460 16.43 8.40E-08
9.25 31470 15.56 9.40E-08
9.35 32480 16.72 1.05E-07
9.45 33070 16.84 1.13E-07
9.55 34080 17.05 1.22E-07
9.68 35090 17-27 1.24E-07
9.80 36100 40



9.93 37110
10.06 38120

** * TEST INTERRUPTION '*

10.72 41240
10.87 1-2250

11.02 43260
11.18 44270 20.13 1.59E-07
11.48 46060 20.77 1.69E-07
11.58 46800 21.04 1.84E-07
11.79 47810 21.48 2.OOE-07
11.89 48430 21.76 2.12E-07
12.14 49440 22.32 2.38E-07
12.27 50020 22.71 2.45E-07
12.55 51030 23.36 2.68E-07
12.83 52040 24.09 3.02E-07
13.00 52880 24.85 3.37E-07
13.31 53590 25.57 3.72E-07
13.61 54310 26.44 4.26E-07
14.02 55320 28.05 5.27E-07
14.-50 56230 29.92 6.48E-07
15.04 56990 32.14 8.15E-07
15.52 57570 34.49 9.85E-07
16.23 58310
16.97 58830
17.27 58980
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SPEC LD., CP22
DATE, 6/15/88
SPECTRUM: TYPE 1

B fnrn] • 13.00 Pmx &N)- 5.34
W(tun) 25.96 Pwin ,N)L 0

a N Del K da/dN
(turn) Pa-qth)) h/CYC)

9.32 0
9.40 200
9 65 2640
9.91 5360 17.65 1.03E-07

10.13 7930 18.11 1.06E-07
10.39 10230 18.56 1.16E-07
10.64 12220 19.02 1.28E-07
10.87 14100 19.51 1.42E-07
11.13 15750 20.01 1.54F-07
11.35 17250 20.53 1.67E-07
11.61 18620 21.06 1.77E-07
11.84 19920 21.60 1.88E-07
12.07 21090 22.15 2.01E-07
12.29 22280 22.75 2.18E-07
12.52 23280 23.34 2.34E-07
12.75 24230 23.95 2.55E-07
12.98 25070 24.59 2.77E-07
13.18 25840 25.24 2.96E-07
13.41 26570 25.92 3.16E-07
13.64 27250 26.63 3.45E-07
13.84 27870 27.38 3.74E-07
14.05 28420 28.13 4.03E-07
14.27 28910 28.90 4.33E-07
14.48 29390 29.74 4.66E-07
14.68 29820 30.59 5.01E-07
14.88 30220 31.46 5.34E-07
15.09 30590 32.38 5.88E-07
15.29 30920 33.33 6.41E-07
15.47 31220 34.29 7.01E-07
15.67 31470 35.26 7.61E-07
15.85 31710 36.27 8.52E-07
16.05 31950 37A7 9.72E-07
16.23 32140 38.63 1.1 E-06
16.43 32300 39.81 1.29E-06
16.61 32440 41.06 149 E-06
16.79 32560 42.40 1.67E-06
16.99 32670 43.82 1.90E-06
17.17 32760 45.24 2.16E-06
17.32 32840 46.63 2.44E-06
17.50 32910 48.16 2.76E-06
17.68 32970 49.73 3.22E-06

42



17.86 33020 51.54 3.83E-06
18.03 33070 53.59 4.77E-06
18.24 33110 55.75 6.24E-06
18.42 33140 58.01 8.38E-06
18.62 33170
18 A5 33190
19.10 33200
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SPEC LD., CP24
DATE, 7/7/89
SPECTRUA: TYPE 2

B (ram) - 12.98 Pmax &NIu 5.34
W ramt - 26.04 P rn N) ,, 0

a N DeI K da/dN
owun) I Pretm (m/eYe I

8.99 0
9.19 2020
9.47 5090
9.73 7800 17.33 1.06E-07
9.98 10180 17.77 1.19E-07

10.24 12310 18.23 1.35E-07
10.49 14130 18.70 1.53E-07
10.74 15690 19.19 1.73E-07
10.97 17020 19.66 1.93E-07
11.23 18280 20.18 2.19 E-07
11.48 19380 20.72 2.45E-07
11.71 20330 21.26 2.71E-07
11.9b 21180 21.82 2.97E-07
12.19 21940 22.39 322E-07
12.42 22630 22.98 3.48E-07
12.65 23280 23.58 3.80E-07
12.88 23880 24.23 4.19E-07
13.11 24420 24.90 4.65E-07
13.33 24880 25.57 5.15E-07
13.56 25320 26.32 5.68E-07
13.79 25700 27.06 6.17E-07
14.02 26060 27.84 6.68E-07
14.22 26360 28.61 7.05E-07
14.43 26640 29.9 7.41E-07
14.66 26930 30.27 7.85E-07
14.86 27200 31.18 8.34E-07
15.06 27440 32.08 8.88E-07
15.27 27660 33.01 9.46E-07
15.47 27870 34.02 1.02E-06
15.67 28060 35.06 1.12E-06
15.88 28250 36.21 1.21,E-06
16.08 28410 37.38 1.33E-06
16.28 28550 38.50 1.45E-06
16.46 28680 39.80 1.58E-06
16.66 28800 41.04 1.74E-06
16.84 28900 42.35 1.92E-06
17.02 29000 43.77 2.21E-06
17-22 29080 45-25 2.62E-06
17.40 29160 46.94 3.14E-06
17.60 29220 48.68 3.88E-06
17.81 29270 50.54 4.91E-06
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17.98 29310 52.61 6.36E-06
18.19 29340 54.67 8.33E-06
18.39 29360 57.13 1.22E-05
18.62 29380
18.85 29400
19.18 9400
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SPEC I.D., CP25
DATE: 7/20/88
SPECTRUM : TYPE 3

B () - 13.00 P max kN)- 4.45
Ww(nm) 25.98 P rrin N) - 0

a N Del K da/dN
(rn) Wla-qrfrn)) f(m/CYC)

10.90 8750
11.13 12640
11.15 13960
11.40 16380 17.16 1.07E-07
11.66 18510 17.60 1.40E-07
11.89 20180 18.11 1.73E-07
12.12 21540 18.59 1.98E-07
12.37 22570 19.03 2 25E-07
12.60 23470 19.51 2-57E-07
12.67 24020 19.84 3.03E-07
12.85 24550 20.21 337E-07
12.98 24850 20.44 3.64E-07
13.21 25360 20.98 4.25E-07
13.36 25830 21.49 459 E-07
13.61 26290 22.07 4.99E-07
13.82 26710 22.67 5.46E-07
14.05 27120 23.37 6.11E-07
14-27 27480 24.04 7.25E-07
14.48 27780 24.76 8.61E-07
14.68 28030 25.49 9.88E-07
15.11 28420 27.03 1.23E-06
1532 28550 27.70 1.31 E-06
1552 28720 28.69 1.44E-06
15.72 28860 29.61 156E-06
15.93 28990 30.51 1.68E-06
16.13 29100 31.46 1.83E-06
16.33 29210 32.55 1.96E-06
16.54 29310 33.70 2.15E-06
16.74 29400 34.82 2.37E-06
16.92 29480 36.01 2.62E-06
17.12 29550 37.23 2.96E-06
17.30 29610 38.48 3.23E-06
17.48 29670 39.85 3.40E-06
17.68 29720
17.86 29770
17.98 29810
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SPEC I.D., CP26
DATE: 7/28/88
SPECTRLM: TYPE 3

B (lr- 13.00 P nax kN)- 4.45
WfMn)= 26.01 Pmin(kN)- 0

a N Del K da/dN
(rm Wa-oqr(m)) (n/'CYC)

9.93 2990
10.16 4940
10.41 6600
10.67 8060 15.83 1.67E-07
10.90 9490 16.25 1.78E-07
11.15 10810 16.67 1.91 E-07
11.38 12020 17.08 2.08E-07
11.61 13180 17.53 2.29E-07
11.84 14110 17.94 2.48E-07
12.07 14980 18.38 2.74E-07
12.29 15800 18.87 3.09E-07
12.52 16580 19.39 3.52E-07
12.75 17210 19.91 4.1OE-07
12.98 17720 20.40 4.86E-07
13.18 18170 20.97 5.70E-07
13.41 18560 21.55 6.59E-07
13.64 18850 22.09 7.47E-07
13.84 19130 22.71 8.30E-07
14.05 19370 2333 8.98E-07
14.27 19600 23.98 9.67E-07
14.48 19810 24.66 1.05E-06
14.68 20010 25.37 1.14E-06
14.88 20180 26.07 1.25E-06
15.09 20340 26.84 1.38E-06
15-29 20490 27.66 1.54E-06
15.49 20610 28.47 1.71E-06
15.70 20730 29.39 1.88E-06
15.90 20830 30.28 2.1OE-06
16.10 20930 31.27 2.35E-06
16.28 21010 32-25 2.63E-06
16.48 21080 33.25 2.97E-06
16.66 21140 34.28 336E-06
16.87 21200
17.07 21250
17.27 21290
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SPEC ID., CP27
DATE, 9/19/88
SPECTRUM: TYPE 4

B (rmn- 13.00 P msx &N)- 2.50
W(rmm) , 26.06 P mih WN 0.25

a N Del K da/dN
(imm I PFa-oqrl I WnvCYC

12.40 2374260
12.42 2575960
12.50 2700580
12.52 2804090 9.76 3.76E-10
12.65 3084970 9.90 4.54E-10
12.70 3212100 9.96 4.82E-10
12.75 3337920 10.03 5.25E-10
12.88 3547830 10.16 5.96E-10
12.98 3707590 10.28 6.56E- 10
13.06 3826310 10.38 6.92E-10
13.18 3991870 10.53 7.53E-10
13.31 4164050 10.70 833E-10
13.41 4299180 10.86 9.48E-10
13.54 4414300 11.00 1.06E-09
13.64 4519400 11.15 1.22E-09
13.77 4609490 11.32 138E-09
13.82 4655140 11.41 1.48E-09
13.94 4730060 11.58 1.68E-09
14.05 4792270 11.76 1.87E-09
14.96 5192270 13-24 236E-09
15.21 5298880 13.74 2.27E-09
15.32 5346030 1&.94 2.16E-09
15.39 5380210 14.11 2.11E-09
15.49 5430810 14.32 2.12E-09
15.60 5484110 14.56 2.23E-09
15.65 5506840 14.67 2.25E-09
15.75 5544780 14.87 230E-09
15.85 5588070 15.11 2-33E-09
15.90 5611440 15.24 2.31E-09
16.00 5656890 15.48 2.27E-09
16.08 5692420 15.67 2AOE-09
16.15 5723300 15.86 2.50E-09
16.21 5745130 16.00 2.28E-09
16-26 5759040 16.08 2.57E-09
16.28 5772900 16.17 2.55E-09
1631 5793670 16.31 2.59E-09
16.41 5816050 16.46 2.70E-09
16.48 5851430 16.75 3.15E-09
16.56 5875660 16.98 3.28E-09
16.61 5886270 17.05 3.28E-09
16.71 5914640 17.35 3.68E-09
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16.79 5939920 17.62 4.05E-09
16.89 5963290 17.92 4.71 E-09
16.94 5974500 18.09 5.20E-09
17.02 5987570 18.31 5.74E-09
17.07 5995730 18.47 5.87E-09
17.09 6001030 18.58 6.09E-09
17.20 6015850 18.87 6.53E-09
17.27 6029310 19.19 7.21 E-09
17M3 6036420 19-36 7.85E-09
17.42 6047430
17-50 6057240
17.58 6063590
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SPEC I.D., CP28
DATE, 11/17/88
SPECTRUMJ= TYPE 4

6 (Bni 1 13.00 Pmax &N)- 3.56
W(w -n) 25.98 P min &N)- 0.35

a N Dol K da/dN
(am) Wua-Gqr()l) (m/CYC I

10.24 194190
10,36 275830
10.52 386140
10.72 490840 11.49 1.88E-09
10.90 576800 11.70 2.00E-09
11.07 664160 11.93 2.1OE-09
11.20 725420 12.09 2.22E-09
11.33 784230 12.25 232E-09
11.48 851100 12.47 2-38E-09
11.66 914110 12.68 2.42E-09
11.81 974320 12.89 2-51E-09
11.94 1035680 13.10 2.60E-09
12.09 1098150 13.33 2.76E-09
12.27 1153700 13.56 2.95E-09
12.42 1205300 13.81 3.23E-09
12.60 1256800 14.09 3.48E-09
12.75 1305000 14.36 3.68E-09
12.93 1347100 14.64 3.96E-09
13.08 1385030 14.90 4.18E-09
13.23 1423770 15.21 4.50E-09
13.41 1459560 15.50 5.05E-09
13.56 1493140 15.83 5.90E-09
13.72 1520170 16.16 6.98E-09
13.89 1541890 16.48 7.03E-09
14.02 1557410 16.73 7.95E-09
14.17 1573370 17.02 8.72E-09
14.20 1588190 17.31 934E-09
14.40 1599450 17.55 9.88E-09
14.55 1615660 17.95 1.10E-08
14.71 1629530 18.39 1.20E-08
14.86 1642390 18.76 1.30E-08
15.01 1653400 19.15 1.48E-08
15.11 1661360 19.48 1.67E-08
15-27 1669720 19.89 1.89E-08
15.42 1677330 20.33 2.13E-08
15.49 1680420 20.54 2.21E-08
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15.57 1684170 20.80 2.36E-08
15.72 1690430 21.26 2.75E-08
1585 1695430 21.73 3.26E-08
15.98 1699130 22.16 3.82E-08
16.13 1702590 22.65 4.43E-08
16.26 1705690 23.18 5.1OE-08
16.41 1708390 23.72 5.78E-08
16.59 1711400 24.45 6.64E-08
16.74 1713600 25.11 7.39E-08
16.89 1715500 25.74 7.91E-08
17.04 1717400
17.20 1719050
17.30 1720300
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SPEC LD., CP38
IDATE:
SPECTRM, FULL TURB

B0 in) 13.00 Pmax &N)- 4.5
W (rnml 25.98

a N K max da/dF
(rn I lPa-qr(m)) On/CYC)

8.53 0
8.71 1870
8.86 3160
9.04 4410 13.66 1.52E-07
9.22 5540 13.91 1.69E-07
9.42 6550 14.16 1.82E-07
9.58 7450 14.41 1.92E-07
9.75 8310 14.65 2.08E-07
9.91 9110 14.89 2.20E-07

10.08 9910 15.16 2.32E-07
1029 10640 15.44 2.48E-07
10.46 11380 15.73 2.71E-07
10.62 12030 16.02 2.96E-07
10.80 12580 16.28 3.27E-07
10.97 13080 16.58 3.64E-07
11.10 13430 16.81 3.97E-07
11.28 13870 17.14 4,25E-07
11.46 14270 17.46 4.49E-07
11.61 14560 17.71 4.74E-07
11.76 14910 18.04 5.07E-07
11.86 15130 1826 5.22E-07
12.04 15440 18.59 5.59E-07
12.22 15740 18.95 6.08E-07
12.37 16010 19.33 6.42E-07
12.50 16180 19.57 6.74E-07
12.65 16400 19.92 7.1OE-07
12.80 16630 20-29 7.61 E-07
12.98 16840 20.69 7.98E-07
13.13 17040 21.11 8.37E-07
13.26 17170 21.39 8.63E-07
13.41 17360 21.81 8.95E-07
13.56 17520 22.23 9.60E-07
13.72 17690 22.66 1.02E-06
13.87 17840 23.13 1.09E-06
14.05 17980 23.60 1.16E-06
14.20 18110 24.10 1.22E-06
14.27 18180 24.37 1.27E-06
14.43 18300 24.84 1.34E-06
14.58 18410 25.36 1.49E-06
14.73 18510 25.92 1.64E-06
14.88 18600 26.46 1.77E-06
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15.04 18680 27.02 1.81E-06
15.04 18680 27.03 1.85E-06
15.19 18760 27.60 1.93E-06
15.32 18830 28.18 2.02E-06
15.47 18900 28.77 2.19E-06
15.62 18970 29.45 2.37E-06
15.75 19020 30.07 2.51E-06
15.90 19080 30.72 2.58E-06
16.05 19140 31.47 2.75E-06
16.18 19180 32.14 2.89E-06
16.31 19230 32.88 3.06E-06
16.46 19270 33.59 3.42E-06
16.59 19310 34.37 3.73E-06
16.71 19350 35.21 4.07E-06
16.87 19380 35.93 4.35E-06
16.99 19410 36.89 4.91E-06
17.12 19440
17-25 19460
17.37 19480
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SPEC I.D., CP37
DATE, 2/13/89
SPECTRUM TURB1O

B (rm)- 13.00 P max &N- 3.59
W (run) , 26.01

a N K max da/dF
rw-n) .9a-.qr(n) fM/CYC)

15.04 91650

15.24 91940
15.42 92230
15.62 92480 23.54 1.03E-06
15.82 92680 24.32 1.36E-06
16.03 92820 25.06 1.65E-06
16.21 92920 25.70 1.89E-06
16.41 93010 26.53 2.14E-06
16.59 93110 27.46 2.36E-06
16.79 93180 28.34 2.56E-06
16.97 93250 29.18 2,72E-06
17.15 93310 30.21 2.92E-06
17.35 93380 31.29 3.08E-06
17.53 93440 32.36 3.27E-06
17.70 93490 33.47 3.45E-06
17.88 93540 34.65 3.69E-06
18.06 93590 35.84 4.10E-06
18.21 93630 37.11 4.48E-06
18.39 93670 38.48 4.89E-06
18.57 93700 39.73 5.28E-06
18.75 93730 41 50 6.05E-06
18.95 93770 43.51 6.70E-06
19.10 93790 45.08 7.51E-06
19.25 93800 46.20 8.29E-06
19.43 93830 48.90 9.89E-06
19.61 93850 50.83 1.20E-05
19.79 93860 53.11 1.53E-05
19.94 93870 56.01 2.19E-05
20.09 93880
20.24 93880
20.42 93890
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SPEC I.D., CP4l
DATE: 5/9/89
SPECTRUM: TURB10

B ('m I- 13.00 Pmax ,NI 5,34
Wo(mni - 26.01

a N K"max da/dF
(rai ,"IPa-alr(m) I (r /CYC)

7.54 0
7.75 1300
7.85 2030
7.92 2800 14.48 1.40E-07
8.13 4420 14.79 1.57E-07
8-36 5700 15.11 1.84E-07
8.56 6700 15.41 1.94E-07
8.59 6790 15.45 1.99E-07
8.79 7810 15.77 2.1OE-07
8.99 8850 16.11 2.25E-07
9.07 9130 16.21 2.30E-07
9.27 9990 16.54 2.54E-07
9.40 10480 16.73 2.79E-07
9.58 11160 17.08 3.01E-07
9.70 11530 17.26 3.16E-07
9.91 12060 17.57 3-36E-07

10.08 12680 17.97 3.56E-07
10.19 12920 18.12 3.60E-07
10.36 13410 18.44 3.72E-07
10.57 13930 18.83 3.99E-07
10.62 14060 18.93 4.05E-07
10.80 14520 19.29 4.35E-07
10.97 14900 19.62 4.77E-07
11.15 15280 20.02 5.25E-07
11.33 15610 20.42 5.51E-07
11.53 15920 20.80 5.80E-07
11.71 16230 21.21 6.29E-07
11.86 16520 21.64 7.23E-07
12.04 16770 22.05 8.72E-07
1222 16970 22.9
12.40 17110 22.88 1.10E-06
12.57 17250 23.34 1.21E-06
12.73 17400 23.82 130E-06
12.90 17530 24-31 1-36E-06
13.06 17630 24.70 1.43E-06
4ve .-t. 77 .2"6 1 .5SE-06
13.39 17860 25.77 158E-06
13.56 17960 26.26 1.70E-06
13.72 18050 26.82 1.83E-06
13.87 18140 27.37 1.95E-06
14.05 18220 27.92 2.10E-06
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14.20 18290 28.50 2.29E-06
14.35 18360 29.14 2-50E-06
14.50 18420 29.69 2.68E-06
14.66 18470 30.32 2.91E-06
14.81 18520 30.95 3.15E-06
14.96 18570 31.63 3.35E-06
15.11 18620 32.34 355E-06
15.29 18660 33.14 3.73E-06
15.42 18700 33.79 3.97E-06
15.57 18740 34.57 4.23E-06
15.72 18770 35.41 4.55E-06
15.88 18800 36.17 4.88E-06
16.03 18830 37.08 5.39E-06
16.18 18860 38.02 5.85E-06
16.31 18880 38.82 6.33E-06
16.46 18910 39.70 6.91E-06
16.59 18920 40.64 7.64E-06
16.74 18940 41.70 8.33E-06
16.89 18960 42.83 8.79E-06
17.02 18970 43.67 9.31 E-06
17.15 18990 44.72 9.75E-06
17.30 19000 46.08 1.09E-05
17.45 19020 47.31 1.15E-05
17.58 19030 48.61 1.26E-05
17.70 1 ̂ Clo10
17.83 19050
17.96 19060
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SPEC i.D., cP3O
DATE, 1/10/89
SPECTRLM: TURB30

B (nM) - 13.00 P max (kN) - 3.59
W (rm) - 26.01

a N K max da/dF
(r"n) Ma-eqr(m)) (m/CYC)

14.07 69760
14.25 70290
14.40 70830
14.58 71320 20.22 3.44E-07
14.73 71790 20.66 3.64E-07
14.88 72200 21.10 3.98E-07
15.04 72570 21.55 4.30E-07
15.19 72940 22.06 4.71E-07
15.37 73270 22.58 5.10E-07
15.47 73480 22.94 5.41E-07
15.62 73760 23.49 6.04E-07
15.75 73970 23.96 6.83E-07
15.85 74120 24.35 7.52E-07
15.95 74230 24.67 7.94E-07
16.03 74330 25.00 8.40E-07
16.10 74420 25.31 8.74E-07
16.18 74520 25.64 9.02E-07
16.26 74590 25.92 9.52E-07
16.33 74670 26.25 1.02E-06
1b.41 74750 26.60 1.10E-06
16.48 74820 26.92 1.18E-06
16.56 74880 27.26 1.24E-06
16.64 74940 27.61 1.31E-06
16.71 74990 27.96 1.35E-06
16.79 75050 28.36 1.42E-06
16.87 75100 28.69 1.52E-06
16.94 75160 29.14 1.58E-06
17.02 75200 29.50 1.69E-06
17.09 75240 29.84 1.75E-06
17.15 75280
17.22 75310
17.30 75350

57



SPEC LD., CP40
DATE: 5/3/89
SPECTRi U: TURB30

B (ram)- 13.00 Pmax kN)- 5.33
W (n} - 25.96

a N K max da/dF
(wv~) W-rrn) I (wi/CYC)I

7.92 0
8.13 760
828 1360
8.46 2010 1530 3.OOE-07
8.51 2150 15-35 3.09E-07
8.69 2730 15.64 3.41E-07
8.86 3240 15.92 3.69E-07
9.07 3720 16.21 3.92E-07
9.25 4180 16.53 4.18E-07
9.42 4610 16.82 4.43E-07
9.60 5000 17.11 4.72E-07
9.78 5380 17.43 5.13E-07
9.96 5710 17.73 5.90E-07

10.13 6020 18.09 6.03E-07
10.31 6310 18.43 6.25E-07
10.52 6500 18.67 6.36E-07
10.69 6900 19.15 6.38E-07
10.87 7160 19.48 6.67E-07
10.90 7210 19.53 6.71 E-07
11.07 7440 19.88 7.44E-07
11.13 7510 19.98 7.57E-07
11.28 7720 20.33 8.05E-07
11.46 7920 20.69 8.48E-07
11.63 8120 21.07 8.96E-07
11.79 8300 21.46 9.60E-07
11.96 8480 21.87 1.01 E-06
12.12 8630 22.26 1.03E-06
12.29 8780 22.66 1.09E-06
12.45 8920 23.06 1.17E-06
12.47 8980 23-23 1.21E-06
12.65 9090 23.60 1.27E-06
12.80 9210 24.03 1.42E-06
12.95 9320 24.50 1.56E-06
13.11 9420 24.95 1.65E-06
1328 9510 25.45 1.75E-06
13.44 9600 25.93 1.84E-06
13.59 9680 26.44 1.94E-06
13.74 9770 26.96 2.06E-06
13.89 9840 27.48 2.23E-06
14.05 9900 28.01 2.34E-06
14.20 9970 28.59 2.52E-06
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14.35 10020 29.13 2.72E-06
14.48 10080 29.71 3.00E-06
14.63 10120 30.30 3.21E-06
14.78 10170 30.92 3.48E-06
14.94 10210 31.56 3.69E-06
15.06 10240 32.22 3.96E-06
15.21 10280 32.88 4.14E-06
15.34 10310 33.52 4.53E-06
15.49 10340 34.23 4.80E-06
15.62 10370 35.01 5.27E-06
15.77 10390 35.66 5.61E-06
15.90 10420 36.54 6.28E-06
16.05 10440 37.29 6.97E-06
16.18 10460 38.18 7.44E-06
16.33 10480 39.04 8.27E-06
16.46 10490 39.79 8.80E-06
16.59 10510 40.92 9.82E-06
16.74 10520 41.71 1.09E-05
16.87 10540 42.77 1.28E-05
16.99 10550 43.78 1.48E-05
17.15 10560 44.94 1.82E-05
17.30 10570 46.19 2.31E-05
17.42 10570
17.58 10580
17.70 10580
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SPEC I.D., CP39
DATEt 4/25/89
SPECTRUM : TURB5O

B (rin I- 13.00 Pmax &N - 5.33
W (rm) , 26.00

a N K max da/dF
(rm I WPa-oqr(m ) I (m/CYC)

8.59 5960
8.92 8560
9.22 10840
9.51 12670 16.95 1.73E-07
9.77 14210 17.43 1.99E-07

10.03 15420 17.86 2.25E-07
10.26 16410 18.27 2.47E-07
10.50 17310 18.71 2.69E-07
10.72 18140 19.16 2.91E-07
10.95 18900 19.61 3.15E-07
11.15 19530 20.03 3.40E-07
11.36 20150 20.0 3.63E-07
11.57 20690 20.95 3.79E-07
11.78 21190 21.40 3.92E-07
11.98 21710 21.90 4.04E-07
12.19 22230 22.42 4.18E-07
12.36 22650 22.84 435E-07
12.56 23100 23.37 4.57E-07
12.75 23500 23.89 4.83E-07
12.94 23890 24.43 5.11E-07
1-..13 24260 25.00 5.47E-07
13.32 24600 25.56 5.87E-07
1350 24910 26.14 6.43E-07
13.69 25190 26.74 7.14E-07
13.86 25430 27.36 8.01E-07
14.04 25650 27.98 8.94E-07
14-21 25840 28.61 1.01E-06
14.38 26000 29.27 1.13E-06
1455 26150 29.96 1.27E-06
14.72 26270 30.65 1.41E-06
14.88 26390 31.35 1.56E-06
15.05 26490 32.07 1.72E-06
5 .21 26580 32.85 1.88E-06

15.37 26660 33.61 2.05E-06
15.53 26740 34.39 2.22E-06
15.68 26810 35.25 2.41E-06
15.84 26870 36.07 251E-06
16.01 26940 37.06 2.74E-06
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16.17 26990 37.97 2.93E-06
16.32 27050 39.10 3.20E-06
16.48 27090 39.93 3.43E-06
16.64 27140 41.14 3.73E-06
16.79 27180 42.14 4.11E-06
16.97 27220 43.45 4.64E-06
17.11 27250 44.72 5.29E-06
17.25 27280 45.69 5.62E-06
17.41 27300 47.08 6.48E-06
17.55 27320 48.25 7.48E-06
17.71 27350 50.15 9.61E-06
17-87 27360 51.48 1.04E-05
18.03 27380 52.94 1.20E-05
18.19 27390
18.33 27400
18.46 27410
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